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BINDING OF ZINC BY THE TRANSITIONAL LAYER OF THE
EPIDERMIS *
EVE P. REAVEN, PH.D. AND ALVIN J. COX, Ja., M.D.
As part of a histoehemical study of the skin
in psoriasis we have repeated and extended
several reported studies (1, 2) of the distribution
of zinc in the epidermis of normal and psoriatic
skin. This report deals with the remarkable
capacity of the transitional zone of the epidermis
to concentrate zinc in a form that may be readily
demonstrated by the formation of a colored
ehelate of dithizone.
METHOD5
Normal human skin from individuals of various
ages was obtained at autopsy and by surgical
biopsy from several different areas of the body.
In addition, involved and uninvolved skin was
procured from patients with psoriasis. Our ma-
terial has also included a number of specimens
from the ear, abdomen, foot pad and tail of the
rat and mouse, and from thigh of the dog.
Small pieces of every specimen were frozen-
dried or fixed in absolute acetone for 1 to 2 hours.
In addition, unfixed tissue was prepared as frozen
sections and other representative pieces of tissue
were fixed in the following solutions: trichloraeetic
acid, Carnoy's Fluid, Bouin's Fluid, acid formalin,
neutral formalin, absolute alcohol, and pyridine.
The frozen-dried and fixed tissues were vacuum-
embedded in paraffin and sectioned at 6 and 15
micra. The sections were placed on slides which
were cleaned in nitric acid and repeatedly rinsed
in distilled and deionized water. Mayer's albumin
fixative (Fisher Scientific Company and Braun-
Knecht-Heimann Company) was used frequently
to improve adhesion of the sections.
Zinc was demonstrated in the tissue by the
dithizone method outlined by Mager et at (3).
The staining solution consisted of a 0.01% solution
of dithizone in redistilled absolute acetone. The
stock solution was usable for several days at room
temperature. Immediately before use, three parts
of stock solution were mixed with two parts of
deionized water. Sections were deparaffinized in
xylene, rinsed briefly in acetone and then flooded
with the dithizone mixture. The end point of the
staining procedure was taken to be the point at
which the dithizone solution turned colorless.
This usually occurred within 10 minutes. The
sections were rinsed briefly with deionized water
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and were examined in a glycerol gel mounting
medium within an hour's time. In the early part
of the study, the sections were treated with a
specially buffered complexing solution of dithizone
which has given specific reactions for zinc (3). We
found no consistent differences in the localization
of the zinc ion by the two methods, so the simpler
method was used routinely.
RESULTS
Sections of normal human skin which were
prepared by any of the above methods and were
stained with dithizone immediately after section-
ing, showed a pattern of zinc distribution which
was similar to that described by Braun-Falco and
Rathj ens (1). Traces of the stained metal com-
plex were distributed homogeneously throughout
the epidermis. The corneum stained variably;
in some specimens the superficial layers were
faintly stained, in others the stain was more
intense. The arrectores pilorum, sweat glands,
sweat duets, muscle layers of large blood vessels
and the outer root sheath of hair follicles were
all moderately stained by this method. All con-
nective tissue constituents were essentially
unstained.
A different zinc pattern was observed, however,
when sections of normal skin remained in room
air for a day or more prior to staining with dithi-
zone. A band of intense color was now present in
the subcorneal transitional zone of the epidermis
(Fig. 1). It was located at the base of the corneal
layer, and in most instances consisted of a super-
ficial portion which appeared homogeneous and a
deep portion in which cells of the granular layer
of the epidermis were visualized by specific
staining of the keratohyalin granules (Fig. 2).
Granules of a few isolated cells were often found
stained below this band (Fig. 3). This evidence
of zinc in the transitional zone did not appear
with perfect uniformity in all sections. Specimens
which were frozen-dried or fixed in acetone,
pyridine or ethanol showed some differences in
intensity of staining, and different parts of the
same section were sometimes unevenly stained,
but except for staining of the keratin in some
instances, the reaction was qualitatively the
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FIG. 1. Normal human abdominal skin stained with dithizone 72 hours after sectioning. Mayer's
albumin fixative (Fisher) used as adhesive. Frozen-dried preparation. 15 micra. X 667.
same. Staining of the transitionai zone could
often be demonstrated by dithizone within 24
hours of sectioning, although the reaction was
not usually complete in less than 72 hours. In
specimens fixed in neutral formalin or acid solu-
tions, demonstration of the transitional zone
was consistently poor and such preparations were
not used further in our studies. In frozen sections
of fixed or unfixed tissue, demonstration of the
transitional zone with dithizone was possible
only when the sections were adfixed to slides
with Mayer's albumin fixative.
The appearance of the transitional zone de-
pended somewhat on the source of the specimen.
Whereas in human thin epidermis a well defined
complete transitional zone stain was usually
present under the conditions outlined above, in
human plantar epidermis only occasional granular
cells could be stained under these conditions.
Similarly in those lesions of psoriasis where some
keratohyalin granules were still stainable by
hematoxylin and eosin, corresponding granules
could be stained by dithizone under the described
conditions, though no homogeneous portion of
the transitional zone was stained. When no
aspect of the transitional layer could be discerned
by routine methods, dithizone failed to demon-
strate any concentration of zinc. In general we
found the cellular epidermis and parakeratotic
scale of psoriatic skin to be almost unstainable
with dithizone. A well-defined transitional zone,
comparable to that seen in the human epidermis,
FIG. 2. Details of normal human abdominal skin
stained with dithizone one month after sectioning.
Stained granules appear within transitional layer
as well as below. Mayer's albumin fixative (Fisher)
used adhesive. Acetone fixation. 15 micra. X 1250.
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FIG. 3. Same section as figure 2. Details of transitional layer and granular cells around a hair follicle.
15 micra. X 1467.
FIG. 4. Normal rat skin from ear flap stained with dithizone 72 hours after sectioning. Mayer's al-
bumin fixative (Fisher) used as adhesive. Acetone fixation. 15 micra. X 307.
as stained by dithizone, was demonstrated in the
skin obtained from rats, mice and dogs (Fig. 4).
The observation that the transitional zone of
the skin could be stained with dithizone only
after sections had beea exposed to room air for a
day or more was the subject of further study.
The possibilities which might account for the
delayed staining of the transitional zone were
investigated: (a) that zinc already present in the
transitional zone could not be identified by
dithizone chelation unless it was unmasked or
released from its bond to tissue protein; and (b)
that zinc diffused within the tissue and aceumu-
lated at the transitional zone during the period
of exposure of the sections to air. Such zinc might
have diffused from other parts of the skin or
could have been supplied by the air, the reagents
or even the utensils used in making the prepara-
tions.
The first possibility was examined by a variety
of procedures, including the exposure of sections
to agents selected because of their capacity to
denature proteins. These agents included non-
fluids such as heat, sunlight, TJV, X-ray, oxygen
gas, nitrogen gas and carbon dioxide gas, any
one of which might affect the tissue proteins
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strongly without simultaneously hydrating the
tissue and washing away released metal ions. In
addition, sections were treated with buffers and
protein-precipitating solutions at different levels
of p11, ionic strength and temperature and also
with oxidizing or reducing agents, and lipid
solvents. No one or combination of these agents
or reagents consistently improved the develop-
ment of the stain for zinc in the transitional zone.
The second possibility was originally considered
less likely because precautions had been taken to
prevent the introduction of zinc during cutting of
the tissue, conduct of free-drying, and mounting
of the sections upon meticulously cleaned slides.
None the less, a preferential accumulation of
zinc occurred in the granular cells and other
components of the transitional zone when sections
of normal skin were exposed to dilute aqueous
solutions of a zinc salt. Although slightly different
concentrations of zinc and/or periods of incuba-
tion were required to obtain the same localization
of the metal in all preparations, most specimens
showed good localization of zinc when incubated
for one-half hour in solutions containing 0.1 mg.
of zinc acetate per 100 ml. deionized water or
isotonic saline, or overnight in a solution of 0.01
mg. zinc acetate per 100 ml. isotonic saline. Sec-
tions of psoriatic skin which were incubated under
the same conditions, showed an accumulation of
zinc only in remaining granular cells. Control
section of normal skin, incubated for identical
periods of time in zinc-free water, showed no
accumulation of zinc in the transitional zone.
Systematic examination of the effect of every
agent involved in the preparation of the sections
ultimately identified Mayer's albumin fixative as
a prerequisite for the staining of the transitional
zone in the sections that were exposed to room air.
Sections of skin mounted without the aid of
albumin fixative showed no transitional zone
stain. Two commercially prepared Mayer's
albumin fixatives had been used. One brand
(Fisher) slowly developed a pink color when
treated with dithizone, suggesting that it con-
tained a minute amount of zinc. This albumin
had been used on most of our slides. The other
brand (BKH) yielded no red color with dithizone,
yet sufficed to produce a concentration of stain-
able zinc in the transitional zone of skin sections.
We have presumed that this albumin preparation
also contains zinc but in a quantity too small for
measurement by the technic used, but the possi-
bility of some other influence of this albumin
fixative upon the transport of zinc or upon its
availability for staining has not been excluded.
Finally, it was found that zinc did not accumu-
late in the transitional zone of the epidermis
unless moisture was available to the sections.
Storage of tissue sections in dry air, prior to
staining, prevented the occurrence of the phe-
nomenon, even when additional zinc in the form
of zinc acetate had been added to the albumin.
On the other hand, sections mounted on a zinc-
free hygroscopic agent, such as glycerin, showed
no accumulation of zinc in the transitional zone
regardless of exposure time, thus emphasizing
the fact that water alone was not responsible for
the described phenomenon.
DISCUSSION
Our results indicate that under certain in vitro
conditions externally supplied zinc can be prefer-
entially concentrated in the transitional layer of
normal epidermis. The exogeneous zinc may be
provided by dilute solutions of zinc salts or by
zinc-containing Mayer's albumin fixative used
as a mounting medium for tissue sections. In the
presence of moisture, zinc can enter sections of
fixed and embedded tissues and will accumulate
selectively within the keratohyalin granules of
the granular cells and homogeneous appearing
barrier zone of the transitional layers, where it
can be identified with dithizone through the
formation of a pink stained product.
Moisture appears to be necessary for the
localization of the zinc ion in the transitional
layers. The transitional zone of sections in direct
contact with a source of zinc, but kept in dry
state, cannot be stained by dithizone, whereas
the transitional zone of similarly prepared sec-
tions kept in a humid atmosphere can always be
stained.
It has been shown, however, that hydration of
the section is not entirely responsible for the
subsequent staining of the transitional zone with
dithizone. Sections which remained hydrated,
hut were not in contact with Mayer's albumin
fixative or some source of zinc, showed no evi-
dence of an accumulation of zinc in the transi-
tional zone. Likewise, the transitional zone of
sections which have been applied to slides coated
with non-zinc-containing glycerin cannot be
stained with dithizone. This is despite the fact
that glycerin is itself hygroscopic and as a com-
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ponent of the commercial Mayer's albumin
fixative it is probably responsible for the del-
iquescent properties of that substance. It
appears, thus, that in addition to water, some
source of zinc is necessary before the transitional
layer of the epidermis can be demonstrated with
dithizone. Our initial observations concerning the
staining of the transitional zone in sections which
were exposed to room air, seem to have been
merely the consequence of contact of the sections
with zinc-containing or zinc-transporting Mayer's
albumin fixative in the presence of relatively
humid room air.
Although the studies reported here have
suggested that the observed concentration of
zinc in the transitional zone of keratinizing
epidermis is the result chiefly of in vitro diffusion
of the ion, the remarkable affinity of this zone
for this metal is probably not fortuitous. It
seems likely that specific binding of zinc occurring
precisely at the site of epidermal keratinization
may be a reflection of a physiological phenome-
non of importance. Accumulation of zinc at this
site may occur in civo, though the amount would
he much smaller than that achieved under
artificial conditions and might be difficult to
measure. The known requirement of zinc for the
expression of activity by several enzymes gives
weight to the suggestion that zinc concentration
in the transition zone of the epidermis may relate
to enzyme activity. So far this suggestion has
not been substantiated since no zinc-dependent
enzyme participating in keratinization has been
identified, but further studies of this matter are
in progress.
The question of which metal-binding groups
are responsible for the specific uptake of zinc
in the transitional layers of normal skin has not
been considered in detail in this report; however,
one aspect of our results is interesting in this
regard. Any one of several constituents of the
transitional layer of skin may be a binding site for
bivalent ions although protein-bound sulfhydryl
groups are particularly noted for this property
(4). It has been demonstrated that the subeorneal
transitional layer of the normal human epidermis
is especially rich in sulfhydryl groups (5, 6, 7).
Keratohyalin granules, however, reportedly do
not contain sulfhydryl groups (6, 8). Yet, under
the conditions of our experiments, the kerato-
hyalin granules stain as intensely with dithizone
as do other components of the transitional layer.
The psoriatie scale is also reputedly rich in sulf-
hydryl groups (7, 9, 10), yet we have found that
abnormal keratin in psoriasis lacks the capacity
of accepting zinc under the described in vitro
conditions. Sulfhydryl groups therefore do not
appear to be responsible for the observed in vitro
staining with dithizone.
SUMMARY
The transitional zone of normally keratinizing
epidermis has the capacity in vitro to bind and
concentrate zinc when this ion is supplied in
very dilute solutions. Conditions that promote
this process have been defined and the suggestion
has been made that this may represent a mech-
anism of physiologic importance.
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